Background: Cerebral edema and increased intracranial pressure are of the major consequences of traumatic brain injury that affects the outcome. The aim of this study is to assess the efficacy of dexmedetomidine as an adjunct to conventional sedative therapy (propofol) compared to conventional sedative therapy alone in patients with traumatic brain injury, as regards its effects on hemodynamics and intracranial pressure. Methods: This prospective randomized controlled clinical trial with 60 agitated and restless traumatic brain-injured patients was performed between May 2013 and May 2017. Patients who required mechanical ventilation, Glasgow coma scale (GCS) < 8, or hemodynamically instable were excluded. Patients were randomized into three equal groups: dexmedetomidine was infused in a dose of 0.5 μg/kg/h for 48 h in the first group, propofol 1% was infused in a dose of 4 mg/kg/h for 48 h in the second group, and dexmedetomidine was infused in a dose of 0.2 μg/kg/h and propofol was infused in a dose of 2 mg/kg/h for 48 h in the third group. ICP and CPP excursions and complications were assessed in the first 48 h.
Introduction

Main text
TBI is a significant public health problem worldwide and is predicted to surpass many diseases as a major cause of death and disability. Cerebral edema and associated increased intracranial pressure are the major immediate consequences of TBI that contribute to most early deaths. An increase in intracranial pressure (ICP) may impede cerebral blood flow (CBF) and lead to cerebral ischemia [1] , and its degree and duration are associated with outcome after TBI [2] [3] [4] . So, the primary aim of the intensive care management of TBI is to prevent and treat secondary ischemic injury. Prevention and control of increased ICP and maintenance of cerebral perfusion pressure (CPP) are fundamental therapeutic goals after TBI [1] . Several different classes of drugs are used as sedatives, but there is limited evidence available to guide the choice of specific sedative agents in TBI [5] .
Dexmedetomidine is a highly selective α2-adrenergic agonist that possesses sedative-, anxiolytic-, and analgesicsparing properties. The mechanism beyond the reduction of ICP in trauma patients may be due to arterial vasoconstriction induced by α2 agonist activity which in turn leads to a decrease in the cerebral blood volume [2, 6] . It provides excellent sedation without respiratory depression, ease of arousability, and short-acting effects, has sympatholytic properties, and need not be stopped during weaning the patient from mechanical ventilation or for neurological assessment. It suits as an ideal sedative agent for patients with TBI [7] .
The efficacy of dexmedetomidine for sedation in intubated ICU patients is well established; however, its use in patients with traumatic brain injury (TBI) has not been comprehensively described. The aim of this study is to assess the efficacy of dexmedetomidine as an adjunct to conventional sedative therapy (propofol) compared to conventional sedative therapy alone in patients with traumatic brain injury, as regards its effects on hemodynamics and intracranial pressure.
Patients and methods
This prospective randomized controlled clinical trial included 60 head-injured patients and was performed in the Trauma Intensive Care Units, Department of Anesthesia, and Intensive Care and Department of Neurosurgery, Assiut University Hospital (single Tertiary Hospital) between May 2013 and May 2017.
Inclusion criteria for the patients in this study were as follows: ASA I-III, patient between 18 and 80 years, Glasgow coma scale (GCS) ≥ 8, agitated and restless patients in need for sedation and close follow-up, diagnosis of TBI by CT or abnormal posturing, and placement of an intracranial pressure monitor at the discretion of the neurosurgical staff as a part of the standard of care. Exclusion criteria were as follows: patients who need mechanical ventilation on admission, AV block with HR < 45/min, and severe preadmission hemodynamic instability. For each patient, the following demographic data were collected from the trauma registry: sex, age, weight (kg), height (cm), BMI, Trauma Severity Score, and GCS on admission.
Allocated patients were randomized, using a programgenerated random number table, into three groups; allocation concealment was done using opaque well-sealed envelopes which were opened sequentially for each allocated patient. Groups are based on the type of sedation used in the ICU; patients were randomized into three groups; dexmedetomidine group (n = 20): dexmedetomidine (Precedex® Dexmedetomidine HCl vial, HOSPIRA, INC) was infused in a loading dose of 1 μk/kg followed by I.V infusion of 0.4-1 μk/kg/h. The dexmedetomidine is supplied in a 2-ml vial of 100 μg/ml; each vial was diluted in 48 mL of normal saline in a syringe pump to yield a final concentration of 4 μg/ml and infused for 48 h. Propofol group (n = 20): propofol 1% (Fresenius Kabi AB) in 20-ml ampoule was administrated as a loading dose of 1 mg/kg followed by maintenance dose of 1.5-4.5 mg/kg/h titrated to the desired effect. Propofol was infused in a 50-ml syringe pump for 48 h. Dexmedetomidine + propofol group (n = 20): dexmedetomidine were infused in a dose of 0.2 μg/kg/h and propofol were infused in a dose of 2 mg/kg/h for 48 h. Sedative agents were titrated to reach a goal of ICP< 20 mmHg and CPP> 60 mmHg with calm patients (controlling agitation, restlessness, and anxiety). After starting the infusion, strict and vigil monitoring of hemodynamic and respiratory parameters at regular intervals of 2 h for 48 h was done. Patients fulfilling the inclusion criteria were admitted to the Trauma Intensive Care Unit and were treated according to our standard protocol for treatment of TBI.
At ICU, to describe physiological changes, baseline parameters were observed and recorded, which included heart rate (HR), systolic, diastolic, and mean arterial blood pressures, respiratory rate, and pulse oximetry (SpO2). Intracranial pressure (ICP) was monitored by an intraparenchymal [3] . The length of ICU and hospital stay and adverse events were recorded daily for each studied patient and defined as hypotension (systolic blood pressure [SBP] < 90 mmHg or MAP < 65 mmHg), hypertension (SBP > 160 mmHg), bradycardia (heart rate [HR] < 40 bpm), and tachycardia (HR > 120 bpm). Assessment of delirium was performed every 12 h after cessation of sedation or as needed according to the patient's condition using the confusion assessment method (CAM) for ICU.
Informed consent according to the criteria set by the local research ethics committee in our center had to be obtained in writing before surgery. If consent could not be obtained because the patient was in a coma or dysphasic, consent was obtained from relatives. Through explanation, the purpose of the study and how data will be treated with respect and confidentiality were provided to the participants.
Statistical plan
Data were statistically described in terms of range, mean ± standard deviation (± SD), median, frequencies (number of cases), and percentages when appropriate. Comparison of quantitative variables between studied groups was done using the one-way ANOVA test. As for the samples for comparing categorical data, chi-square (χ 2 ) test was performed. A probability value of less than 0.05 was considered relative frequencies statistically significant. All statistical calculations were done using computer programs Microsoft Excel version 7 (Microsoft Corporation, NY, USA) and SPSS 20 (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) statistical program for Microsoft Windows (Fig. 1) .
Results
Patients' general characteristics and other admission data were summarized in (Table 1) . Most of our patients were in Fig. 5 Heart rate changes in the studied groups the fourth decade of life; the mean age in the propofol group was 38.7 ± 11, in the DEX group, it was 39.3 ± 8.5, while it was 39.3 ± 10.2 in the mixed group, and there was no statistically significant difference between the means of all groups. Male patients were the majority in all groups. This finding is logical as males are more subjected to trauma due to their mobility; moreover, males are more likely than females to be involved in violent activities and motor vehicle crashes and often sustain more severe injuries compared to females. There was no significant difference between the three studied groups at all times of the study regarding systolic, diastolic, and mean arterial blood pressure (Figs. 2,  3 , and 4) ( Tables 2 and 3 ).
Heart rate decreased over time in all studied group in the first 48 h. There were no significant differences between the three studied groups as regards the heart rate except after 8 h; at this time, DEX and mixed groups showed significantly lower values compared to the propofol group (Fig. 5) .
The mean baseline ICP was 15.4 ± 3.4 ml, 15.7 ± 2.9 ml, and 15.8 ± 2.6 mmHg for the three studied groups respectively. These means showed no statistically significant differences with each other. ICP measurement showed no significant differences between the three groups over the 48 h of the study. Baseline cerebral perfusion pressure differs insignificantly between the three studied groups and continued throughout the study period over the next 48 h. We recorded the number of ICP and CPP excursions for each patient during the infusion period and presented the median (range) per 24 h for each patient. The number of ICP and CPP excursions per day was also not significantly different between the three groups. When compared to each other, there was no difference in the median occurrence of ICP excursion (> 20 mmHg) and CPP excursion (< 50 mmHg), (Table 4) (Figs. 6 and 7) .
Regarding tachycardia, bradycardia, and hypertension, there were no statistically significant differences between the three studied groups. As for hypotensive episodes, it occurred in 8 patients in the propofol group, in and 2 patients in the DEX group, and in 2 patients in the mixed group, with statistically significant differences between the three studied groups. Delirium was present in 3 out of 20 patients (15%) in the DEX and mixed groups, while it occurred in 7 out of 20 patients (35%) in the propofol group. There was a significant difference detected between the three studied groups regarding delirium duration. In patients in the DEX and mixed groups, the median onset of delirium was delayed and the duration of delirium reduced, when compared to propofol group (Table 5 ) (Fig. 8) .
Discussion
In TBI, there is a strong correlation between increased ICP and bad outcome [4] [5] [6] . The role of sedative agents in TBI extends from allowing mechanical ventilation which prevents hypoxia and hypercapnia and decreases CMRO 2 and hence ICP. These beneficial effects of sedation are opposed by the fact that these sedative agents may produce harmful episodes of hemodynamic instability; hypotensive episodes may greatly affect the outcome [8, 9] . The results of our study showed no statistically significant differences between the three groups as regards the values of ICP and CPP, mean arterial blood pressure, or the incidence of hypertensive or bradycardic episodes between the three studied groups.
Different studies showed the favorable effect of propofol on brain hemodynamics when used as sedative agents [7, 10] . Aryan et al. also showed that there was a slight decrease in the mean for ICP and a small corresponding increase in CPP with DEX administration in 39 neurosurgical patients. They concluded that dexmedetomidine can be a safe and effective sedative agent for neurosurgical patients [11] . Pajoumand et al., in their study, found that DEX failed to decrease the maximum ICP in the first and second day of the trauma compared to propofol or a mixture of DEX and propofol. DEX reached its maximum effect on reduction of ICP on day 4 after the trauma. Moreover, it was significantly lesser in the DEX group compared to propofol or DEX-propofol mixture [12] . A recent retrospective cohort study conducted by Schomer et al. concluded that dexmedetomidine may avoid increases in the need for rescue therapy when used as an adjunctive treatment of refractory intracranial hypertension without compromising hemodynamics [13] . Also, Erdman et al. in their retrospective multicenter trial compared the hemodynamic effects of DEX and propofol in neurocritical patients; they found a similar incidence of hypotension between DEX and propofol and they recommended more trial on patients with TBI only [14] .
Devabhakthuni et al. compared the safety and clinical outcomes of prolonged infusions with standard-dose (≤ 0.7 μg/kg/h) dexmedetomidine (SDD) or high-dose (> 0.7 μg/kg/h) dexmedetomidine (HDD) to propofol in critically ill trauma patients. They concluded that higher doses of dexmedetomidine may result in higher incidence of hypotension, longer LOS, and increased concomitant analgesic and sedative, requiring further evaluation in trauma patients [8] .
Hypertension may also complicate critically ill head trauma patients. This may be due to inadequate sedation or due to paroxysmal sympathetic hyperactivity associated with head trauma. In our study, we find no differences in the incidence of hypertension between the three studied groups. Riker et al., in their double-blinded prospective study, found that patients sedated with DEX compared to midazolam have lesser ventilation hours and decreased incidence of hypertension and tachycardia [15] . Authors proposed that sympatholytic activity of DEX may be adventitious in the alleviation of these symptoms [9, [15] [16] [17] [18] [19] .
In our study, we observed higher although non-significant increase in the incidence of delirium in the propofol group compared to other two groups. The only significant difference was observed in the duration of delirium which was longer on propofol compared to other groups. Djaiani et al. concluded that, when compared with propofol, dexmedetomidine sedation reduced the incidence, delayed the onset, and shortened the duration of delirium in ICU patients [20] .
Propofol has been associated with rapid regain of consciousness upon discontinuation of sedation and better quality of sedation. Tang et al., in their study of nonintubated TBI patients, also showed that DEX allowed clinicians to conduct periodic neurologic examinations [17, 2] . Clinicians use propofol more commonly as the sedative for patients with TBI due to its extensively described neuroprotective effects [21, 22] .
Limitations of our study may include the lack of generalizability as this is a single center study. We did not study the period after discontinuation of both sedative agent, and we did not study the opioid needs and opioid-sparing effect of both agents. We also evaluated the sedation level of patients by loss of agitation and being calm not by any scores like Richmond Agitation-Sedation Score (RASS).
Conclusion
From this study, we conclude that dexmedetomidine or combination of dexmedetomidine and propofol are as effective and safe as propofol alone in head trauma patients, and all alternatives are equal as regards the degree of sedation, the effect on intracranial pressure, and cerebral perfusion pressure. The incidence of complications and outcome do not vary significantly between all studied groups; although there are some results suggesting that dexmedetomidine might have better results regarding delirium "onset and duration", these findings need a larger sample size study. Therefore, although larger series are needed to confirm our results, we found that dexmedetomidine is an option to be taken into account in the integral management of patients with TBI.
